INTRODUCTION {#s1}
============

The aging process induces to reduce physical fitness, and results in difficulties in daily life activities. If elderly persons do not take part in physical exercise, they expose themselves to risk of having their muscle mass, endurance and joint motion reduced. In addition to its function in health and disease, interleukin (IL)-6 produced and secreted by skeletal muscles has various beneficial effects on metabolism, such as augmentation of lipolysis, and improvement of insulin sensitivity[@r1],[@r2],[@r3],[@r4],[@r5]^)^. Exercise induces increased circulating levels of IL-6[@r6]^)^, and may be involved in mediating the beneficial health[@r7]^)^. However, physical inactivity with aging decreases the ability to exercise[@r8]^)^.

Previous studies have demonstrated certain interactions between core body temperature (Tcore) and IL-6 production[@r9], [@r10]^)^. Others have reported that a small difference in rectal temperature (equal to 0.4°C) between exercise under low versus high air velocity conditions was associated with 3- to 4-fold lower absolute change in serum IL-6 levels from high to low conditions[@r11]^)^. Sakurai et al.[@r12]^)^ found an increase in serum IL-6 level during heat stress in young individuals, using the hot water immersion method. Regarding IL-6 elevation during exercise and heat stress, both IL-6 are secreted from muscle cells, however the mechanism of IL-6 production is different. It has been reported that IL-6 is produced by activation of mitogen-activated protein kinase during exercise, however IL-6 is produced by heat shock factor during heat stress[@r13], [@r14]^)^. Head-out water immersion (HOI) in hot water (hot-HOI) is a well-known heat stress method. To our knowledge, however, there are no studies that measured changes in Tcore and serum IL-6 in elderly persons during hot-HOI.

Elderly individuals are at greater risk of developing life-threatening manifestations of heat stress, such as heat stroke, than young individuals[@r15]^)^. In hot water immersion, the lack of heat-based vaporization can limit aging-related changes in thermoregulatory function. Consequently, hot-HOI may induce hyperthermia in elderly men that is equal to that in young persons.

Exercise increases serum IL-6 levels in healthy young men and elderly men, however, the increase of IL-6 response is less pronounced in the elderly compared with young individuals[@r16]^)^. It's of concern that reduced physical activity in elderly people negatively affects their exercise induced IL-6 excretion. If hot-HOI can increase circulatory IL-6 to levels that are equivalent to those seen during exercise, examination of the effect of hot water immersion on age-related serum IL-6 level is interesting in physical therapy of the elderly.

The present study was designed to compare the effects of hot-HOI on changes in Tcore and serum IL-6 levels between young and elderly individuals.

PARTICIPANTS AND METHODS {#s2}
========================

Seven healthy elderly (66--75 years old) males and eight healthy young males (21--32 years old) without underlying disease participated in this investigation. [Table 1](#tbl_001){ref-type="table"}Table 1.Characteristics of study participantsCharacteristicsElderly males (n=7)Young males (n=8)Age (years)68.4 ± 1.425.9 ± 1.2\*Height (cm)164.4 ± 1.2173.3 ± 1.4\*Weight (kg)60.2 ± 2.770.1 ± 4.2Body mass index (kg/m^2^)22.3 ± 1.223.3 ± 1.3Data are mean ± SD. \*p\<0.05. lists the characteristics of the study participants. Exclusion criteria are those who have an underlying condition such as diabetes, heart disease, chronic inflammatory disease, or skin disease and none of the study participants were on any medications. The study protocol was approved by the Human Research Ethical Committee of Wakayama Medical University (No.1355) and informed consent was obtained from each participant.

The participants were instructed to refrain from strenuous physical exercise and alcohol the day before the study and to refrain from taking any fluid or food after 22:00 the day before the study except for tap water, until the completion of the study. They reported to the laboratory at 8:00 on the study day. The participants wore swimming trunks. They were asked to void and then sit in a room outside the immersion tank for a 30-min control period. A copper-constantan thermocouple was inserted through the nostril and its tip was advanced to the mid-esophagus to measure Tcore throughout the study. A heparinized indwelling catheter was placed into the right antecubital vein. After confirmation of stable Tcore, the above parameters were measured over a 30-min rest period in the sitting position in air (as pre-HOI or baseline). The participant then walked into the hot water tank (water temperature: 42°C) and sat into it for 20 min (hot-HOI) while the same parameters were also measured. Finally, after coming out of the water tank, the participant rested for 120 min in sitting position in air (recovery period).

Venous blood samples were collected at 30 min (just before hot-HOI, pre-HOI), 50 min (immediately after HOI), 110 min (after 1 h of HOI), and 170 min (after 2 h of HOI) from the start of the study. Blood samples were taken for measurement of serum IL-6, tumor necrosis factor-alpha (TNF-α), high-sensitivity C-reactive protein (hsCRP), and counts of blood cells (CBC). The blood volume obtained at each sampling period was 5 mL (3 mL for serum IL-6, TNF-α, hsCRP, and 2 mL for CBC).

Total blood cell counts were determined using a cell counter. Hematocrit (Hct), hemoglobin (Hb), erythrocyte and leukocyte counts were measured by centrifugation. Other venous blood samples were collected into pre-chilled serum venipuncture tubes. The tubes were spun immediately at 3,500 rpm for 10 min at 4°C, and serum was stored at −80°C until analysis. IL-6 was measured by enzyme immunoassay (ELISA, R&D Systems, Minneapolis, MN, USA) for IL-6 (R&D Systems, Minneapolis, MN, USA) with assay sensitivity 0.039 pg/mL and intra- and inter-assay coefficients (average CV of different concentrations) of variability of 7.4 and 7.8%, respectively. TNF-α was assayed using ELISA for TNF-α (R&D Systems) with assay sensitivity 0.106 pg/mL and intra- and inter-assay coefficient of variability of 5.4 and 8.3%, respectively. IL-6 and TNF-α immunoassays were performed in duplicates according to instructions provided by the manufacturer. Measurement of hsCRP was out sourced to SRL Inc. (Tokyo, Japan). All measurements were performed by investigators unaware of the study protocol in Research Center of Sports Medicine and Balneology, Wakayama Medical University.

All results are expressed as mean ± SD. Values obtained at each study were compared by one-way analysis of variance followed by multiple comparisons at various time points. When the F value was significant (p\<0.05), differences based on the time period and study condition were analyzed using the Tukey test. Differences between young and elderly persons were examined for statistical significance using the Student's t-test. P values \<0.5 were considered significant.

RESULTS {#s3}
=======

The young individuals were taller than elderly persons (p\<0.05) ([Table 1](#tbl_001){ref-type="table"}). Other baseline measurements, including Tcore, serum IL-6, TNF-α, hsCRP, and CBC were similar in the young and elderly individuals. HOI in 42°C hot water for 20 min increased Tcore in both elderly and young individuals, although the magnitude of increase in Tcore was attenuated in elderly individuals compared with the young. The Tcore returned to pre-HOI level in young individuals at 2 h after HOI. On the other hand, Hct, Hb, and erythrocyte count in remained constant throughout the experiment in both groups of participants. Leukocyte count increased significantly after 2 h of HOI in the elderly ([Table 2](#tbl_002){ref-type="table"}Table 2.Changes in hematocrit, hemoglobin, erythrocyte and leukocyte counts during hot water head-out water immersionBefore immersionImmediately afterAfter immersion1 h2 hHematocrit (%)Elderly men42.3 ± 1.642.3 ± 1.942.8 ± 1.838.4 ± 4.4Young men44.2 ± 0.845.6 ± 0.945.7 ± 0.844.4 ± 1.3Hemoglobin (g/dL)Elderly men15.0 ± 0.715.1 ± 0.715.2 ± 0.815.1 ± 0.7Young men15.0 ± 0.315.4 ± 0.315.4 ± 0.315.0 ± 0.5Erythrocytes (×10^6^/μL)Elderly men4.7 ± 0.24.7 ± 0.24.8 ± 0.24.7 ± 0.2Young men4.9 ± 0.15.1 ± 0.15.1 ± 0.14.9 ± 0.2Leukocytes (×10^3^/μL)Elderly men5.0 ± 0.55.5 ± 0.46.0 ± 0.46.2 ± 0.5\*Young men5.4 ± 0.45.6 ± 0.55.1 ± 0.36.7 ± 0.4Data are mean ± SD. \*p\<0.05, compared with before immersion.). Total water intake throughout the study was 508 ± 42 mL in young persons and 0.8 ± 0.3 mL in the elderly (p\<0.05). Urine volume throughout the study was 84.4 ± 42 mL in the young and 253 ± 88.8 mL in the elderly. Serum IL-6 increased significantly in the young population after 1 h of hot-HOI and returned to the baseline level after 2 h. In contrast, serum IL-6 level remained stable throughout the study in the elderly. Serum TNF-α and hsCRP did not change throughout the study in both groups ([Table 3](#tbl_003){ref-type="table"}Table 3.Changes in core temperature, serum IL-6, serum TNF-α and hsCRP during hot water head-out water immersionBefore immersionImmediately afterAfter immersion1 h2 hCore temperature (°C)Elderly males36.8 ± 0.438.7 ± 0.3\*37.6 ± 0.3\*37.4 ± 0.3\*Young males36.9 ± 0.440.4 ± 0.4\*^†^37.4 ± 0.3\*37.2 ± 0.4Serum IL-6 (pg/mL)Elderly males1.6 ± 1.11.7 ± 1.11.8 ± 0.91.7 ± 0.9Young males0.9 ± 0.71.1 ± 0.91.6 ± 1.1\*1.5 ± 1.2Serum TNF-α (pg/mL)Elderly males1.0 ± 0.61.0 ± 0.51.1 ± 0.71.0 ± 0.6Young males1.2 ± 0.41.3 ± 0.51.2 ± 0.41.3 ± 0.4hsCRP (ng/mL)Elderly males420.3 ± 447.8424.7 ± 464.8429.9 ± 460.1408.1 ± 426.1Young males336 ± 369.9346.3 ± 382.4352.4 ± 375.9347 ± 377.0Data are mean ± SD. \*p\<0.05, compared with before immersion. †p\<0.05, Elderly vs. Young.).

DISCUSSION {#s4}
==========

The major findings of the present study were the followings: 1) 20-min hot water immersion attenuated the increase in Tcore in elderly individuals, 2) Although leukocyte count increased in the elderly, serum levels of TNF-α and hsCRP remained stable through the study in both groups, and 3) serum IL-6 increased significantly in young individuals after 1 h of hot-HOI, but not in the elderly. There has been no clear report on the effects of serum IL-6 associated with Hot-HOI. However, in this study, since IL-6 increased transiently during hot water immersion like exercise, it is considered that IL-6 has the same effect as IL-6 increased during exercise.

Attenuation of the Tcore response to hot-HOI observed in the elderly suggests possible degeneration of the thermal regulation system in this population. Davy et al. suggested that total blood volume decreases with age in healthy men[@r17]^)^. The reduced of circulation blood volume by the aging may be related to attenuation for Tcore rise during the hot-HOI. Thus, the greater skin blood volume induced by sensitive and well-controlled blood re-distribution system in young individuals resulted in a much larger increase in Tcore in this group compared with the elderly persons.

Regarding increasing of leukocyte count in the elderly, previous studies reported that the increase in Tcore during exercise under hot environment was associated with significant leukocytosis[@r18],[@r19],[@r20]^)^. Boldt et al.[@r21]^)^ investigated the effects of 50-min immersion in hot water (gradual increase in water temperature with maximum set at 41°C), until reaching a body core temperature of 39°C. In their study, the leukocyte count increased after 45-min of hyperthermic immersion[@r21]^)^. The present study found an increase in leukocyte count at 2 h after hot-HOI in elderly individuals, suggesting that prolonged heat stress correlates with increase in leukocyte count in elderly persons.

One of the main findings of the present study was the lack of significant increase in serum IL-6 during hot-HOI in elderly individuals. This finding may be explained by the following two factors. First, IL-6 is produced by type II muscle fibers and the relative amount of type II muscle fibers in men is known to diminish with aging[@r22]^)^. In this regard, IL-6 protein is expressed predominately in type II muscle fibers with high glycogen content[@r23]^)^. However, type II muscle fibers show selective atrophy with aging[@r22], [@r24]^)^. It is conceivable that the relative amount of IL-6 produced by type II muscle fibers decrease in the elderly with aging. Second, our results showed attenuation of the magnitude of increase in Tcore during hot-HOI in elderly individuals. Milanović et al. and Walc et al.[@r8], [@r13]^)^ investigated previously the effects of hyperthermia on IL-6 level in skeletal muscles. In the present study, Tcore did not increase in the elderly during hot-HOI, relative to young persons. The effect of 20-min hot-HOI on serum IL-6 in the elderly did not seem to replicate the same effect of exercise on IL-6. One limitation of the present study was that elderly persons could not be exposed to hot water until Tcore max of 40°C was attained.

In conclusion, the present study demonstrated that head out water immersion in hot water induced attenuated rise in Tcore and weaker IL-6 response in elderly persons, compared with younger participants. It is possible that the heat stress of 42°C for 20 min in this study was insufficient to elevate serum IL-6. Physical therapist should understand the age-related changes in IL-6 during hot water-HOI and it is necessary to consider further research combined with exercise to elevate serum IL-6 in elderly people by physical therapist in the future.
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